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て Google やIBM といった巨大 IT 企業の支援の
もと精力的に進められている Í5, 6]. 量子多体系が
もつ複雑性をそのまま利用するアナログ量子シミュ
レーションも様々な物理系を用いて実験が進められ
ており [7, 8, 9] , アナログ量子ダイナミクスを組み
わわせ最適化問題を解くヒューリスティックとして
利用する量子アニーリングも研究商用化が進めら
れている [10, 11, 12, 13] しかしながら,計算機
科学的な仮定のもと占典コンピュータ対する優位性












研究されている [18, 19, 20] レザバー計算では,
フィードフォワード型のニューラルネッ トワーク
と異なり,メモリー効果を持つようなネッ トワー


















系を用いて実装されている,[23, 24, 25, 26, 27, 28,





























JST さきがけ JPMJPR15\mathrm{E}7 及び JPMJPR1668,
JST CREST JPMJCR1673, JST ERATO JPM‐
JER1601, 科研費 15\mathrm{K}16076 , 26880010, 16\mathrm{H}02211
の支援を受けて行われた.
参考文献
[1] R.P. Feynman, Simulating physics with com‐
puters, Int. J. Theor. Phys. 21, 467 (1982).
[2] M.A. Nielsen and I. L. Chuang, Quan‐
tum computation and qUantum information,
(Cambridge university press 2010).
[3] K. Fujii, Quantum Computation with Topo‐
logical Codes ‐From Qubit to Topological
Fault‐Tolerance‐, SpringerBriefs in Mathe‐
matical Physics (Springer‐Vcrlag 2015).
[4] P. W. Shor, Algo7 ithms for quantum com‐
putation: Discrete loganthms and factoring,
In Proceedings of the 35th Annual Sympo‐
sium on Foundations of Computer Science,
124 (1994).
[5] R. Barends et al., Superconducting quantum
circuits at the surface code threshold for fault
tolerunce, Nature 508, 500 (2014).
[6] J. Kelly et al., State preservation by repet‐
itive error detection in a superconducting
quantum circuit, Nature 519, 66 (2015).
[7] J.I. Cirac and P. Zoller, Goals and opportu‐
nities in quantum simulation, Nat. Phys. 8,
264 (2012).
[8] I. Bloch, J. Dalibard, and S. Nascimbène,
Quantum simulations with ultracold quan‐
tum gases, Nat. Phys. 8, 267 (2012).
[9] I. M. Georgescu, S. Ashhab, and  $\Gamma$ . Nori,
Quantum simulation, Rev. of Mod. Phys. 86,
153 (2014).
[10] T. Kadowaki and H. Nishimori, Quantuni.
 a $\gamma$ l,ndaling in the transverse Ising model,
Phys. Rev. \mathrm{E}58 , 5355 (1998).
[11] E. \mathrm{F}\mathrm{a}\mathrm{r}\}\mathrm{i}\mathrm{i} et al., A quantum adiabatic evolu‐
tion algorithm applied to random instances
of an, NP‐complete problem, Science 292, 472
(2001).
[12] T. F. Rømiow et al., Defining and detecting
quantum speeduup, Science 345, 420 (2014).
[13] S. Boixo et al Evidence for quantum an‐
nealing with more than one hundred qubits,
Nat. Phys. 10, 218 (2014).
[14] T. Morimae, K. Fujii, and J.  $\Gamma$ . Fitzsimons,
Hardness of classically simulating the one‐
clean‐qubit model, Phys. Rev. Lett. 112,
130502 (2014).
[15] K. Fujii et al., Power of Quantum Com‐
putation with Few Clean Qubits, Proceed‐
ings of  43\mathrm{r}\mathrm{d} International Colloquium on
Automata, Languages, and Programming
(ICALP 2016), pp.13: 1-13:14.
25
[16] K. Fujii and S. Tamate, Computational
quantum‐classical boundary of complex and
noisy quantum systems, Sci. Rep. 6, 25598
(2016).
[17] K. Fujii and K. Nakajima, Harnessing disor‐
dered ensemble quantum dynamics for ma‐
chine learning, to be published in PhysicaJ
Review Applied.
[18] H. Jaeger and H. Haas, Harnessing nonlin‐
eamty: predicting chaotic systems and sav‐
ing energy in wireless communication, Sci‐
ence 304, 78 (2004).
[19] W. Maass, T. Natschläger, and H. Markram,
Real‐time computing without stable states: a
new framework for neural computation based
on perturbations, Neural Comput. 14, 2531
(2002).
[20] D. Verstraeten et al., An experimental unili‐
cation of reservoir computin.q methods, Neu‐
ral Netw. 20, 391 (2007).
[21] M. Rabinovich, R. Huerta, and G. Lau‐
rent, Transient dynamics for neural process‐
ing Science 321, 48 (2008).
[22] J. DamUre et al., Information processing ca‐
pacity of d $\tau$ 1namical systems, Sci. Rep. 2) 514
(2012).
[23] C. Fernarido and S. Sojakka, Pattern recog‐
nition in a bucket In Lecture Notes in Com‐
puter Science 2801, p. 588 (Springer, 2003).
[24] L. Appeltant et al., Information processing
using a single dynamical node as complex
system. Nat. Commun. 2, 468 (2011).
[25] D. Woods axid T. J. Naughton, Photonic
neural networks., Nat. Phvs. 8, 257 (2012).
[26] L. Larger et ai., Photonic information pro‐
cessing beyond Turing: an optoelectronic im‐
plementation of reservoir compuhng, Optics
Express 20, 3241 (2012).
[27] Y. Paquot et al., Optoelectronic Reservoir
Computing, Sci. Rep. 2, 287 (2012).
[28] D. Brunner et al., Parallel photonic informa‐
tion processing at gigabyte per second data
rates using transient states, Nat. Commun.
4, 1364 (2013).
[29] K. Vandoorne et al., Experimental demon‐
stration of reservoir computing on a sili‐
con photonics chip Nat. Commun. 5_{i} 3541
(2014).
[30] A. Z. Stieg et al., Emer.qent creticality in
complex turing B‐type atomic switch net‐
works, Adv. Mater. 24, 286 (2012).
[31] H. Hauser et al., Towards a theoretical foun‐
dation for morphological computation with
compliant bodies uiol. CyUern. 105, 355
(2011).
[32] K. Nakajima et al., Computing with a
Muscular‐Hydrostat System, Proceedings of
2013 IEEE International Conference on
Robotics and Automation (ICRA), 1496
(2013).
[33] K. Nakajima et al., A soft bod\mathrm{e}/ as a rescr‐
voir: case studies in a dynamic model
of octopus‐inspired soft robotic arm Front.
Comput. Neurosci. 7, 1 (2013).
[34] K. Nakajima et al., Exploiting short‐term
memory in soft body dtjnamics as a com‐
putational resource, J. R. Soc. Interface 11,
20140437 (2014).
[35] K. Nakajima et al., Information processing
via physical soft body, Sci. Rep. 5, 10487
(2015).
[36] K. Caluwaerts et al., Design and control of
compliant tensegrity rvbots through simula‐
tions and hardware validation, J. R. Soc. In‐
terface 11, 20140520 (2014).
[37] H. J. Briegel et al., Projective simulation for
artificial intelligence, Sci. Rep. 2, 400 (2012).
[38] G. D. Paparo et al., Quantum speedup for ac‐
tive learning agents, Phys. Rev. X 4, 031002
(2014).
26
[39] P. ReUentrost, M. Mohseni, and S. Lloyd,
Quantum support vector machine for big
data classification, Phys. Rev. Lett, 113,
130503 (2014).
[40] S. Lloyd, M. Mohseni, and P. Rebentrost,
Quantum principal component analysis, Nat.
Phys. 10, 631 (2014).
[41] N. Wiebe, A. Kapoor, and K. M. Svore,
Quantum Deep Learning, arXiv: 1412.3489.
[42] J. C. Adcock et al., Advances in quantum
machine learning, aiXiv:1512.02900.
27
